Abstract -The XANES at the Ag L edges of glasses AgzO:B203, analyzed in terms of electron~c transltlons to unoccupied molecular oroitals, conflrm prevlous EXAFS results and support a model for the bond between Ag and the borace network. When AgI 1s added, the XANES allow to determine the fraction of Ag ions bonded to the borate network.
INTRODUCTION
The glasses AgI:AgzO:Bz03 are typical examples of "fast ion conducting" glasses: their d.c. ionic conductivity covers a range of several orders of magnitude as a function of composition 1 This property is interesting for their possible utilization in electrochemical devices. The mechanism of jonic conduction is not yet fully understood:
in particular it is controversial whether all Ag+ ions are equivalent or the Ag+ ions bonded to iodine play a predominant role /2,3/. A thorough structural knowledge would greatly contribute to the solution of this problem. The structure of the boron-oxygen network in the binary matrix AgzO:BzO3 has been quite well established by NMR, Raman and I R measurements. The coordination of boron is progressively changed from planar triangular IB031 to tetrahedral (604) by addition of AgzO so long as the molar ratio n=CBzO3J/KAgzOJ 2. For n)2 the boron-oxygen network is fully connected, i.e. each ogygen atom is bonded to two boron atoms / I / . The local arrangement of the mobile cation Ag+ is little known. Ag+ is supposed to be bonded to the negatively charged 804 tetrahedra but the nacure of the bond has to be clarified. Due to its selectivity, %AS is particularly suited to study the short range coordination of the modifier cation (in this case silver) in oxide glasses / 4 / . The Ag-O coordination in the binary matrix AgzOnBzO3 tn=2,3,4,6) has been recently studied by EXAFS 5
The main results are summarized in Fig.1 .
The interatomic distance Ag-0, which is rlZ.044 i i in the cr.ysta?line model compound AgnO, varies from r=2.23+0.05 i i to 2.320.05 A in the glasses, slightly decreasing when the AgzO content increases.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19868142 F i g . 1 -R e s u l t s o f t h e EXAFS a n a l y s i s f o r t h e b i n a r y g l a s s e s AgzOnBzO3 (n=2, 3, 4, 6) / 5 / . The open c i r c l e r e p r e s e n t s t h e model compound AgzO (n=O). For t h e g l a s s n=2 t h e b e s t f i t t o t h e e x p e r i m e n t a l EXAFS r e q u i r e s a f u r t h e r Ag-U c o o r d i n a t i o n a t r=1.39 A, c o n s i s t e n t w i t h t h e presence o f n o n -b r l d g i n g oxygens i n t h e b o r a t e network f o r h i g h AgzO c o n t e n t s .
The c o o r d i n a t i o n numbers a r e d i s p e r s e d around t h e v a l u e N=2. The b e h a v i o u r o f t h e i r d i s t r i b u t i o n a s a f u n c t i q n o f n i s s t r o n g l y c o r r e l a t e d t o t h a t o f t h e d i s o r d e r parameters A a , due t o t h e s h o r t n e s s o f t h e k range o f t h e EXAFS s i g n a l . The EXAFS r e s u l t s a r e c o n s i s t e n t w i t h t h e h y p o t h e s i s t h a t s i l v e r i n t h e g l a s s e s i s c o o r d i n a t e d t o two oxygens, w i t h d i s o r d e r parameters n o t s e n s i b l y h i g h e r t h a n t h a t o f c r y s t a l l i n e AgzO. To t e s t t h e v a l i d i t y o f t h i s s t r u c t u r a l h y p o t h e s i s , i n t h i s work
we a n a l y z e t h e f i n e s t r u c t u r e s a t t h e edges Ag L i and Ag L3 i n c r y s t a l l i n e AgzO and i n t h e b i n a r y g l a s s m a t r i x AgzO:BzO3 i n terms o f t r a n s i t i o n s t o unoccupied m o l e c u l a r o r b i t a l s .
The a n a l y s i s i s t h e n extended t o t h e t e r n a r y g l a s s e s AgI:AgzO:Bz03 t o s t u d y t h e e f f e c t s o f t h e a d d i t i o n o f A g I on t h e bond Ag-O.
RESULTS ANU DISCUSSION.
BINARY MATRIX
A t t h e edge Ag L i t h e s p e c t r a o f t h e g l a s s e s a r e r e m a r k a b l y d i f f e r e n t f r o m t h o s e o f Ag and o f AgzO ( F i g . 2 a ) . A t t h e edge Ag L3 t h e s p e c t r a o f t h e g l a s s e s and o f AgzO a r e . v e r y s i m i l a r w i t h i n t h e f i r s t 10 eV, c h a r a 7 c t e r i z e d by a peak a t a b o u t 1 eV and a s h o u l d e r a t a b o u t 6 eV ( F i g . 2 b ) . The c r y s t a l l i n e s t r u c t u r e o f AgzO, l i k e t h a t o f CuzO, i s c h a r a c t e r i z e d b y a l i n e a r . 0-Ag-0 c o o r d i n a t i o n o f s i l v e r w i t h two oxygens.
H u l b e r t e t a1 / 6 / ' a t t r i b u t e t h e w h i t e peak a t t h e edge Cu L3 i n CuzO t o e l e c t r o n i c t r a n s i t i o n s t o a n s -l i k e a n t i b o n d i n g m o l e c u l a r o r b i t a l .
I n view o f t h e c l o s e s i m i l a r i t y o f e l e c t r o n i c p r o p e r t i e s and c r y s t a l s t r u c t u r e o f AgzO and CuZO, t h i s a t t r i b u t i o n o f t h e peak can be r e a s o n a b l y extended t o AgzO. The EXAFS r e s u l t s ( F i g . 1 ) and t h e XANES can be e x p l a i n e d by t h e f o l l o w i n g model.
S i l v e r i o n s a r e n o t randomly d i s p e r s e d i n t h e i n t e r s t i c e s o f t h e g l a s s . They a r e i n s t e a d l i n k e d t o t h e b o r a t e network b y a chemical bond w i t h two oxygens l i k e i n AgzO. S i n c e a l l oxygens a r e b r i d g i n g between t h e s t r u c t u r a l u n i t s 003 and B04, t h e most r e a s o n a b l e bond i s between Ag and t w o oxygens b e l o n g i n g t o t h e same edge o f a 804 t e t r a h e d r o n .
The 0-Ag-0 c h a i n cannot t h u s be l i n e a r a s i n Agz0.
The d i s t o r t i o n o f t h e 0-Ag-U c h a i n s h o u l d a f f e c t by f a r more t h e directional p o r b i t a l s t h a n t h e i s o t r o p i c s o r b i t a l s :
t h i s can e x p l a i n s i m i l a r i t i e s (edge L 3 ) and d i f f e r e n c e s (edge Li) between t h e XANES of glasses and Agz0. The Ag-0 distances obtained by EXAFS are consistent with an 0-Ag-O angle of about 64 degrees. The quite strong Ag-0 bond is independent from glass composition (at least for n>2).
Only the Ag-0 distance slightly decreases when increasing the AgzO content; this probably reflects the strengthening of the structure when the boron coordination progressively changes from planar triangular to tetrahedral. A local order around the modifier cation has been found also in sodium borate glasses by EXAFS and XRD /7,8/ and in sodium phosphate glasses by neutron diffraction / 9 / .
The coordination number is however lower (N=2) for Ag in borate glasses and for Na in phosphate glasses than for Na in borate glasses (N=5+6). In Fig.2~ the fine structures at the edge Ag L3 for ternary glasses (AgI)x(AgzOnBz03)1-x with n=4 and x varying from 0.1 to 0.55 are compared with those of the corresponding binary matrix (n=4, x=O) and of crystalline 6-AgI (x=l). The peak at 1 eV is present in the spectra of all the glasses, its intensity decreasing when increasing the AgI content. On the grounds of the preceding discussion we consider the white peak a fingerprint of an 0-Ag-0 distorted bond of silver with the borate network. This quite strong bond of Ag with the borate network is thus not modified by the insertion of AgI into the glass. In ternary glasses a fraction X=CIJ/CAgJ=x/(2-x) of silver ions comes from the component AgI, a fraction I-X from AgzO. The intensity of the peak at 1 eV in Fig.2~ monitors the fraction of silver ions actually coordinated to the borate network.
To evaluate the fraction of Ag+ ions bonded to the borate network as a function of x, the spectra of the-ternary glasses in Fig.2~ have been compared with a weighted linear superposition of the spectra of the binary matrix and of p-AgI. This is an approximate procedure, since the bond Ag-I is probably different in the glasses with respect to p-AgI; on the other hand the spectrum of f3-AgI is quite smooth, so we suppose that the contribution of the Ag-I bond cannot be very different in the glasses (say in a more disordered situation). The linear superpositions which best fit ,the experimental spectra in the energy region of the peak (-5 to 5 e V ) are shown in Fig.3 The agreement between theory and experiment is very good for the glass
x=U.3.
The values of the fitting coefficients (0.19 and 0.81) are very close to the stoichiometric ones (X=0.18, 1-X-0.82).
For the other glasses the fitting 'coefficients slightly underestimate 1-X and overestimate X (10% for the glass x=0.1, 20% for the glass x=0.55). These data indicate that when adding AgI to the glass the fraction of Ag+ ions bonded to the borate network is almost unchanged. The slight discrepancies between fitting coefficients and stoichiometric values .can depend on experimental uncertainties and/or on the inadequacy of the edge structures of @-AgI to describe the Ag-I bond in the glasses.
They can also depend on the contribution of mixed bonds I-Ag<ZO to the experimental spectra. 
